During 24 weeks of hydroxyurea treatment, we monitored red blood cell (RBC) parameters in three patients with sickle cell disease, including F-cell and F-reticulocyte profiles, distributions of delay times for intracellular polymerization, sickle erythrocyte adherence to human umbilical vein endothelial cells in a laminar flow chamber, RBC phthalate density profiles, mean corpuscular hemoglobin concentration and cation content, reticulocyte mean corpuscular hemoglobin concentration, 'H-nuclear magnetic resonance transverse relaxation rates of packed RBCs, and plasma membrane lateral and rotational mobilities of band 3 and glycophorins. Hydroxyurea increases the fraction of cells with sufficiently long delay times to escape the microcirculation before polymerization begins. Furthermore, high pretreatment adherence to human umbilical vein endothelial
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Fetal Hb (HbF) production is the best characterized of these secondary phenomena. HbF distribution is inhomogeneous, producing two distinct populations of erythrocytes with respect to HbF content. F cells contain about 20% HbF and 80% HbS, whereas "S cells" contain only HbS.3. 4 Patients with a large fraction of F cells, as occurs in Saudi Arabians, tend to have milder Early gelation studies7.' indicated that decreased Hb polymerization causes the milder disease. The mechanism of this inhibition and its relation to the pathophysiology is now well understood and is surprisingly simple.' The y subunits of both the a 2 y 2 homotetramer and the a@y hybrid tetramer' are largely or completely excluded from the polymer.'0.'' The concentration of the polymerizing tetramer, a2& is consequently lowered by about 35% in a typical F cell. The delay time increases by approximately 1,000-fold, predicting that the vast majority of F cells will pass through the microcirculation before Hb polymerization (unless they are caught in a "log-jam"). ' o These clinical and biophysical findings sparked considerable interest in finding ways to stimulate HbF synthesis as a treatment for sickle cell disease. Hydroxyurea is the most successful drug so far. After the initial observations of Platt et a1,I2 several studies involving hydroxyurea therapy for small groups of patient^'^"^ showed an increase in HbF levels resulting from an increase in the fraction of F cells.I7 Other notable changes include less erythrocyte dehydration, fewer irreversibly sickled cells, and longer erythrocyte life spans.18 Patients in these studies generally appeared to have fewer painful crises.'' This conclusion was dramatically confirmed in the randomized, condition of patients with sickle cell disease is crucial to advance beyond this first step in the treatment of the disorder. Is clinical improvement due solely to changes in F-cell production, or does hydroxyurea alter other parameters that contribute to vaso-occlusion? To address this question, we assessed a number of erythrocyte biochemical and biophysical parameters in three patients started on hydroxyurea therapy. These include the fraction of F cells, the distribution of delay times, erythrocyte adherence to endothelial cells, the fraction of dense cells, 'H-nuclear magnetic resonance (NMR) transverse relaxation rates, ion transport properties, and the lateral and rotational mobility of membrane-spanning proteins.
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BRIDGES ET AL man, patient B was a 26-year-old woman, and patient C was a 33-year-old man. All three patients had homozygous sickle cell disease, proven by Hb electrophoresis. Pretreatment hematologic characteristics (normal mean corpuscular volume, normal mean corpuscular Hb, and mean corpuscular Hb concentration) argued against 2-gene a-thalassemia. Each had a history of severe, recurrent vaso-occlusive sickle cell pain that required three or more hospitalizations per year. No patient had a history of stroke or acute chest syndrome. No patient was treated previously with hydroxyurea or other antisickling agents. No patient had received chronic transfusion therapy.
Patients were started on hydroxyurea at a dose of 20 mgkg. No patient required a dose adjustment over the course of the study, and none required phlebotomy. No child was conceived by any patient during the study, consistent with the use of effective birth control measures. Patient samples were drawn simultaneously for all experimental measurements at each time point. Samples from different volunteers were used as controls for the different time points.
F-cell and F-reticulocyte measurements. lmmunostaining of cells was performed to assess the HbF-containing fractions of total red blood cells (RBCs) and reticulocytes." Measurements were obtained for each patient twice before hydroxyurea treatment and at approximately 4, 12, and 24 weeks into treatment.
Endothelial cells. Human umbilical vein endothelial cells were harvested from two to five umbilical cord veins, pooled, and grown in primary culture as previously described.?' Cultures were serially passaged (1:3 split ratios) with M199-20% fetal calf serum supplemented with 50 to 100 mg/mL endothelial cell growth factor and 50 to 100 mg/mL porcine intestinal heparin in Costar (Cambridge, MA) tissue-culture flasks coated with 1 mg/cm' purified fibronectin. Experiments were performed with cells at passage no. 2 that were grown to confluence on fibronectin-coated LabTek slides (LabTek, Naperville, IL).
Erythrocyte-endothelial adherence assay. Erythrocyte adherence was quantitated under postcapillary venule shear stress conditions (1 dynekm') using a parallel plate flow chamber as previously described." Endothelial cell-coated slides were assembled in the flow chamber and rinsed for 2 minutes with HEPES-buffered saline solution containing 1% albumin (HBSS/A). Washed RBCs were suspended at 1% hematocrit in HBSSlA and perfused over endothelial monolayers for 10 minutes. Nonadherent RBCs were removed by a IO-minute rinse with cell-free medium. The number of adherent RBCs were counted in 24 random microscopic fields scanned using an inverted phase-contrast microscope and video camera. The average number of adherent RBCs for the 24 fields examined was normalized per square millimeter of endothelium.
'H-NMR transverse relaxation rate measurement. Packed RBC samples were prepared from freshly drawn venous blood and washed 3 times in a buffered solution (140 mmoVL NaCI, 10 mmol/L TRIZMA base [pH, 7.41) after removal of plasma and leukocytes. Pellets were transferred to IO-mm-diameter NMR tubes. Transverse relaxation measurements were made at 10 MHz on an TBM Minispec (IBM, Armonk, NY) with a probe temperature of 40°C. A CarrPurcell-Meiboom-Gill (CPMG) sequence with a 4.8-millisecond echo spacing and even echo sampling of 1,000 echoes was used for data collection. Resulting decay curves were fit with monoexponential decay functions to extract relaxation rates R2. Relaxation rate measurements reflect the content and mobility of water as well as its interaction with intracellular components of the RBC, such as Values of median density (Dso) and middle density range (Go) were obtained as detailed.2x The percentage of cells with density higher than I . l 12 was also calculated to estimate changes i n dense. dehydrated sickle (SS) cells.
K-Cl cotransport. Cotransport from fresh cells was measured as either chloride-dependent or volume-dependent K+ efflux. Flux media for chloride-dependent K+ efflux contained 1 0 0 mmoYL Nat and 1 mmoUL Mg" (the anion being either Cl-or NO3 ), 10 mmol/ L glucose, 10 mmol/L Tris-MOPS (pH, 7.4 at 37"C), 0.1 mmol/L ouabain, and 0.01 mmoVL bumetanide. Chloride-dependent K' efflux was calculated as the difference between K+ efflux in chloride and nitrate media. Swelling-induced K' flux was calculated as the difference between K" efflux in NaCl hypotonic (100 mmol/L) and in NaCl isotonic (140 mmol/L) media. Incubation times at 37°C for flux measurements were 5 and 15 minutes."
Ca"-uctivuted "Rb influx. The activity of the Ca"-activated K ' channel (Gardos Channel) was estimated by measuring the Ca' ' -
Luterul und rotutional mobilir). Fresh blood was collected by venipuncture into heparinized tubes. The buffy coat was immediately removed by aspiration, and RBCs were washed 3 times and stored at 4°C in 140 mmoVL KCI, 15 mmol/L NaPOJ, I O mmol/L glucose (pH, 7.4). RBC band 3 and glycophorins were fluorescently labeled with eosin-5-maleimide and fluorescein-5-thiosemicarbazide, respectively, as described."' Discontinuous Stractan density gradients were used to separate fluorescently labeled cells into six different density fractions, ranging from I .08 I to 1.160, as described.".'* Cells from the 1.081 to 1.085 (low density), 1.094 to I . 107 (medium density), and 1. I 1 1 to 1.160 (high density) g/mL interfaces were used. These fractions had mean cell Hh concentrations of 30, 37. and 42 g/dL."' Fluorescence photobleaching recovery was used to measure the lateral mobility of fluorescently labeled band 3 and glycophorins, as described."' Briefly, a Gaussian laser beam was focused to a spot on a fluorescently labeled RBC in a fluorescence microscope. After an intense photobleaching pulse, recovery of fluorescence was monitored by periodic low-intensity pulses. Recovery resulted from the lateral diffusion of unbleached fluorophores into the bleached area. Nonlinear least squares analysis of fluorescence recovery data yielded the diffusion coefficient and fraction of fluorescently labeled molecules that were free to diffuse.
Polarized fluorescence depletion was used to measure the rotational mobility of eosin-labeled band 3, as described.'" Briefly, recovery of fluorescence excited by parallel and perpendicular probe beams was measured after a ground state depletion pulse. Band-3 rotational relaxation times were obtained from decay of fluorescence anisotropy curves, and the fraction of rotationally immobile band-3 molecules was obtained from the residual anisotropy. Data were fitted by nonlinear least squares analysis to the equation:
where r(t) was the anisotropy at timet, r(p) was the residual anisotrophy, and (Y and p were the fractions of molecules with rotational correlation times T , and T ' , respectively. Polymerization delay times. Blood was shipped to the National Institutes of Health (Bethesda, MD) on ice and stored at 4°C. Delay time measurements began within 24 hours of drawing the blood sample and were complete within 72 hours (there was no noticeable change in the data over this period). using an (Osmette) freezing point depression osmometer. The cell suspension was then saturated with a humidified mixture of carbon monoxide (CO) and carbon dioxide (CO,), and the pH was adjusted to 7.35 at 37°C by varying the fraction of CO2 (about 5%). The sample was transferred under the CO/CO, atmosphere to the sample cell for kinetic measurements (a Dvorak-Stottler flow Ki- netic measurements were performed until the age of the sample at 37°C was 5 hours. A previous study showed that the 2,3-diphosphoglycerate (DPG) levels were stable for more than 6 hours at 37°C in this suspending medium. 34 The method used for delay time measurements is based conceptually on two properties of the CO complex of HbS. The first is that a CO-saturated HbS solution does not polymerize. This insures that, with the possible exception of a very small percentage of cells, cells saturated with CO contain a liquid Hb solution with no polymerized Hb that might "nucleate" and thereby accelerate p~lymerization.~~ The second property is that a completely unliganded solution of HbS inside a single RBC can be rapidly prepared by photodissociation of the CO with a l a~e r .~~.~~ The same laser can be used to monitor the formation of polymers from the associated increase in scattered light and, therefore, to measure the delay time before the onset of Hb polymerization. The details of the method used here for measuring delay times are very similar to those previously described. 34 The time course of the scattered light after photodissociation of the CO complex with a continuous argon ion laser was measured on 200 to 450 cells for each blood sample at 37°C. The light-scattering signal was collected on each RBC for 100 seconds or until polymerization was apparent, whichever was shorter. The delay time was taken as the time of onset of polymerization, as measured by the sudden increase in light scattering. Figure 1 shows the fraction of cells with delay times of intracellular polymerization shorter than a given time for the three patients. We shall use the term "sickling" to indicate that intracellular polymerization is occurring, with or without a change in cell morphology. For each patient, control data sets were obtained before the administration of hydroxyurea, a second data set was obtained 12 weeks after the onset of treatment, and a third set was obtained after 24 weeks of treatment. Because the distribution of delay times spans more than 5 orders of magnitude, the data are shown as the logarithm of the delay time. The similarity of these median delay times is most probably a fortuitous result. 33 Figure 2A is a plot of the median delay time as a function of time after the beginning of hydroxyurea treatment. The median delay time is the delay time at which 50% of all cells, including the L 'nonsickling' ' cells, undergo intracellular polymerization. Nonsickling cells are defined as cells showing no polymerization within the 100-second period of laser illumination. For these cells, we assume that the delay time was longer than 100 seconds or that the total concentration of Hb in the cell did not exceed the solubility, meaning that polymerization could never occur.
RESULTS

Hydroxyurea increases sickle Hb polymerization delay time.
Before treatment, the median delay time is 0.3 second for all three patients. For each patient, the median delay time increases by at least fourfold after 12 weeks of treatment and by about another twofold during the second 12 weeks of treatment (Fig 2A) . The change in median delay time arises from two effects, an increase in the fraction of nonsickling cells and a decrease in the fraction of the most rapidly sickling cells. The increase in the median delay time during the first 12 weeks results both from a decrease in the most rapidly sickling cells and from an increase in the fraction of nonsickling cells. In contrast, there is a suggestion that the increase in the median delay time during the second 12 weeks of treatment results more from a decrease in the most rapidly sickling cells. Figure 3 compares the data on the fraction of dense cells and the fraction of rapidly sickling cells, defined here as cells with delay times shorter than 0.1 second. In all three patients, there is a monotonic decrease in the fraction of rapidly sickling cells after the start of hydroxyurea treatment (Fig 3A) . In contrast, the fraction of dense cells decreases monotonically in one patient, decreases and then increases in the second patient, and barely changes in the third ( Fig  3B) .
Delay time distributions were also measured on RBCs from two patients with HbSC disease. Figure 1 compares these distributions with those of the three patients on hydroxyurea therapy. After 24 weeks of hydroxyurea therapy, the median delay times of the cells from the patients with homozygous sickle cell disease approached the values of the patients with HbSC disease. However, the HbSC cells have sharper distributions, with few nonsickling cells and fewer rapidly sickling cells.
Hydroxyurea reduces erythrocyte adhesiveness. Before treatment with hydroxyurea, the mean number of RBCs adherent to endothelial cells per square millimeter of endothelial surface is 50 for the three patients (Fig 4) . Intrinsic patient-to-patient variability occurs in adhesion data of this nature. This level of adhesion is higher than that typically observed in our studies of other sickle cell patients (as high as 40 to 60 or as low as 1 to 2 R B C / m * ) , but not strikingly so. Sickle RBC adhesion to endothelial cells is significantly higher than that observed for normal RBCs (0 to 4 RBC/ mm'). Adherence decreased to normal RBC values in all three patients at the first data point, 2 weeks after the start of hydroxyurea treatment. The adhesion measurements continued in the normal range for the remaining 22 weeks of the study (Fig 4) . Data are the mean 2 SEM of the number of sickle RBCs adherent per square millimeter of endothelium for 48 fields counted in two experiments, except for pretreatment data for patient C (24 fields counted in one experiment).
Hyirosyureu lowers the 'H-NMR transverse relusutbn rates of sickle RBCs. Pretreatment RBC relaxation rates significantly exceed control values. One month into treatment (the first assessment of this parameter), the relaxation rates of all patient samples decreased toward control values. Relaxation rates decreased throughout the study but never reached the normal range (Fig S ) . higher than 1.1 12 (correlation coefficient was .903, ? = 315; see Fig SB) .
Hydroxyurea alters K-Cl cotransport and K' content ?f sickle RBCs. Neither ion content nor transport changed significantly during the first 4 weeks of therapy. The RBC K' content increased in two patients at 12 weeks and in all three patients at 24 weeks (Fig 6) . After 12 weeks of hydroxyurea therapy, the K-Cl cotransport rate in all three patients decreased measurably, compared with baseline values (Fig 6) . K' transport through the K-Cl cotransporter and the percentage of reticulocytes correlated positively ( r = .49, n = 17, t = 2.17, P < .05). Hydroxyurea therapy did not alter the magnitude of the Ca"-activated *'Rb influx (ie, Gardos channel: data not shown). RBC density measurements using the phthalate density profile technique showed no significant change in DsO (data not shown) and a lower percentage of dense cells (Table I) . Values for the Rho decreased in two of the three patients.
Lnteral and rotational mohilip of membrane-.spanning proteins are unqffected h? hydroqwea. Figure 7A shows the effect of hydroxyurea treatment on the fractional mobility of band 3 in S S RBCs from three different density fractions. At week 0, as previously reported,"' high-density cells showed nearly complete lateral immobilization of band 3, whereas low-density cells had band-3 mobility similar to that of normal RBCs. The band-3 fractional mobility in lowdensity, medium-density, and high-density cells was unaffected by hydroxyurea treatment. Glycophorin fractional mobilities, as with band-3 fractional mobilities, were unaltered by hydroxyurea treatment. Lateral diffusion coefficients of band 3 and glycophorins were 1 to 2 X IO-" cm% and 2 to 3 X IO"' cm% and were unaffected by hydroxyurea treatment. Figure 7B and C shows the effect of hydroxyurea treatment on the fractions of band 3 in rapidly rotating, slowly rotating, and rotationally immobile populations of molecules in low-density and high-density cells. At week 0, as previously reported'" high-density cells showed significant rotational immobilization of band 3, whereas low-density cells had rapidly rotating. slowly rotating, and rotationally immobile populations similar to those of normal cells. The relative proportions of band-3 molecules in rapidly rotating, slowly rotating, and rotationally immobile populations did not change with hydroxyurea treatment. Rotational correlation times for rapidly rotating and slowly rotating populations were SO to 250 microseconds and I to 3 milliseconds, respectively, and were unaffected by hydroxyurea treatment.
DISCUSSION
Hydroxyurea, the only drug proven to decrease the frequency of pain crises in patients with sickle cell disease, increases HbF levels in many patients by a still unknown mechanism. The increase in HbF manifests primarily as more numerous F cells, which nearly double after 12 to 16 weeks of hydroxyurea therapy." The earliest effect in our study was the 'striking decrease in RBC adhesion to endothelial cells after 2 weeks of hydroxyurea therapy (Fig 4) . This change preceded the increase in HbF production in these patients (Table 2) . Therefore, hydroxyurea alters some RBC characteristics independently of its capacity to induce HbF synthesis.
Adhesion of sickle RBCs to endothelial cells in a laminar flow system depends on a number of variables. These include the expression of adhesive molecules on the RBC membrane,"' soluble adhesive glycoproteins," and adhesive glycoproteins on the membrane of the endothelial cells. The latter two variables were fixed in our system, because we used a standard resuspension system for the RBCs and standard culture conditions for the endothelial cells. Therefore. the dramatic reduction in adhesion of sickle RBCs 2 weeks into a course of treatment with hydroxyurea was caused by a reduction in the "adhesive qualities" of the RBC membrane. The suggestion of a decrease in the reticulocyte number after 2 weeks of hydroxyurea therapy (Table I ) was clearly evident at 4 weeks. Reticulocytes are particularly active in adhesion assays." Fewer reticulocytes and, possibly, changes in the intrinsic adhesiveness of these cells could account for these data.
Interestingly. the adhesion of untreated HbSC RBCs to endothelium in this experimental set-up was quite low. From the standpoint of "adhesiveness," then, hydroxyurea treatment causes the RBCs of patients with sickle cell disease to behave similarly to those people with HbSC disease. This trend toward the RBC characteristics observed with HbSC disease parallels changes in delay time parameters (see below). The reduction in sickle RBC adhesion to endothelial cells observed with hydroxyurea therapy would facilitate movement of RBCs through the capillary bed before sickling occurs. The effect of hydroxyurea on the RBC adhesion profile would be even more striking should this drug also lower endothelial adhesiveness in vivo as occurs with bovine endothelial cells in vitro. '" Other parameters that reflect membrane injury in sickle RBCs are the lateral and rotational mobility of membranespanning proteins. Hydroxyurea does not correct the abnormalities10 associated with sickle cell disease. Although hydroxyurea therapy significantly shifts the density distribution of sickle RBCs, the remaining high-density cells manifest a degree of band 3 and glycophorin immobilization comparable with that observed in high-density cells from untreated patients. Transmembrane protein immobilization in highdensity cells is likely caused by acquired, irreversible membrane abnormalities including protein clustering and oxidative cross-linking.31' Hydroxyurea appears not to prevent such membrane damage but, rather, to limit the fraction of cells that manifest such injury.
Repetitive cycles of sickling damages RBC membrdnes.J",J' One consequence is enhanced K-Cl cotransport and lower RRC K' content. Consistent with our previous observations, hydroxyurea treatment countered these changes, increasing cellular K' content and lowering K-Cl cotransport (Fig 6) . These transport effects of hydroxyurea parallel induction of HbF synthesis ( Table 2 ), suggesting that they reflect less repetitive sickling and less membrane 4707 damage. The Gardos channel is unaffected by hydroxyurea. Agents that specifically alter this membrane pump could further increase cellular K' content and reduce the number of dense cells. When the transport data are analyzed with an eye to the lateral and rotational mobility results. a picture emerges in which hydroxyurea limits the fraction of cells that sustain membrane injury. thereby reducing both the fraction of cells with low K' content and with impaired lateral and rotational mobility of membrane-spanning proteins. Our data do not indicate directly whether the same cells are in these functionally defined fractions. However, overlap is likely because dense cells are probably the major component of these "damaged" cells.
Hydroxyurea induces changes in the Hb polymerization delay time synchronously with enhanced HbF production. F cells contain about 20% HbF, 80% HbS. and more total Hb than do normal cells. However, the total intracellular Hb concentration is approximately normal because of their greater volume?'.''.' The dilution of HbS by HbF dramatically increases the delay time. Polymerization studies of HbS solutions show an approximate 1,000-fold increase in the delay time.* Therefore, the vast majority of F cells should have delay times that exceed 100 seconds, which we have defined as nonsickling cells. This explains the close correlation between the fraction of nonsickling cells and the fraction of F cells ( Figs 2B and C) .
The probability is low that the nonsickling cell population contains a significant fraction of cells with no HbF (S cells). Using the data on HbS solutions,3'.'5 cells that show delay times longer than 100 seconds and contain only HbS would have intracellular HbS concentrations of less than 23 g/dL. This is lower than the lowest values obtained by density measurements of the intracellular Hb concentration distribution. Therefore, we conclude that the nonsickling RBC population consists almost entirely of F cells. This conclusion predicts that the fraction of nonsickling cells represents a lower limit on the fraction of F cells, which is consistent with the data. as shown in Fig 2B and C. Thus. the observation that the fraction of F cells exceeds the fraction of nonsickling cells by about 25% (Fig 3) presumably reflects dehydration (higher Hb concentration) of some F cells that are entrapped and sickle in a "log-jam" initiated by S cells.
These delay times are measured with completely deoxygenated (laser-deliganded) solutions. At partial saturation with oxygen, as occurs in vivo, all delay times would be much longer?' Even cells containing no HbF would have delay times much longer than the transit time through the microcirculation.?'' In some F cells, the solubility may exceed the total Hb concentration. making polymerization thermodynamically impossible.X.'0.4h The picture that emerges has cells with HbF passing through the microcirculation with a much lower probability of sickling than cells without HbF ("S cells" ; Fig 8) .
The fraction of rapidly sickling cells decreases monotonically during hydroxyurea treatment, whereas the fraction of dense cells varies much less systematically. The close correlation between the data on NMR transverse relaxation time and the fractional representation of dense cells means that 'H-NMR relaxation rates are surrogate markers of dense (Fig SB. ) Therefore, NMR transverse relaxation time has promise as a method for monitoring changes in the dense cell population. This technique provides faster and easier measurements than do density gradient profiles, and the setup is relatively simple. Why is the correlation between dense cells and rapidly sickling cells so poor (Fig 3) ? The original motivation for monitoring the dense cell population came with the realization of the enormous sensitivity of the kinetics of polymerization to intracellular Hb concentration (in contrast to the weak dependence on concentration of the equilibrium fraction Dense cells have the highest probabil- ity of sickling in vivo, because the kinetics of polymerization is most rapid in these cells. Measuring dense cells is much easier than measuring the fraction of rapidly sickling cells, possibly making it a useful surrogate marker. However, the present data suggest that density does not faithfully reflect speed of polymerization in patients with numerous F cells. The most apparent explanation of the poor correlation is that the dense cell fraction contains F cells with much longer delay times than S cells of the same total concentration (density). This raises the more general question of whether dense cells are a reliable indicator of rapidly sickling cells. Further investigation of this question is clearly warranted.
Assuming that the distribution of delay times faithfully reflects clinical severity, the similarity of the median delay times between patients with homozygous sickle cell disease treated with hydroxyurea for 24 weeks and patients with HbSC disease (Fig 1) indicates similar clinical severity. Because HbSC disease is known to be generally milder than homozygous sickle cell disease, this result would argue for a significant clinical benefit of hydroxyurea. Using delay time criteria alone, a "cure" would be expected if the minimum delay time at complete deoxygenation were 10 seconds, corresponding to that observed in sickle cell trait.'o346 However, the minimum delay time both in patients with HbSC disease and in hydroxyurea-treated patients with homozygous sickle cell disease is less than 0.1 second.
The argument can be taken one step further by examining the distribution of delay times. The distribution is narrower in patients with HbSC disease, where both fewer nonsickling cells and fewer cells with delay times less than 1 second are observed. The likelihood is low that without entrapment in a "log-jam,'' cells with delay times greater than about 1 second at complete deoxygenation ever undergo polymerization at partial saturation in the microcirculation (with the possible exception of the hypertonic renal medulla). Because the more rapidly sickling cells are most likely to trigger or participate in occlusions in the microcirculation, we tentatively conclude (given the small number of patients) that hydroxyurea treatment would ameliorate the clinical picture of sickle cell disease toward that of HbSC disease. The lower adhesion between sickle RBCs and endothelial cells toward the pattern observed with HbSC cells also argues for amelioration of sickle cell disease with hydroxyurea therapy. The degree of clinical improvement observed in the Multicenter Study of Hydroxy-urea in Sickle Cell Anemia (MSH) trial is consistent with these phenotypic changes. The lack of measurable clinical improvement in some patients in the MSH study" is also consistent with this analysis.
In summary, with the exception of the unexpected effect on erythrocyte adherence, the changes in the parameters assayed in this study are consistent with an increase in Fcell representation as the principally important effect of hydroxyurea. Changes in the fraction of slowly or nonsickling cells and the mean K+ content derive from this effect. Both the change in distribution of delay times and the lower RBC L 'adhesiveness" suggest that hydroxyurea treatment will reduce the severity toward that of HbSC disease, but this conclusion will obviously remain a tentative one until many more patients have been studied.
